We studied the effects of tracheal tube cuffs filled with air, saline or alkalinised lidocaine on haemodynamic changes during tracheal extubation and postoperative laryngotracheal morbidity in children. We randomly allocated 164 children aged 3-13 years undergoing general anaesthesia to one of four groups; tracheal tube cuffs filled with air (n = 41); saline (n = 41); alkalinised lidocaine 0.5% (n = 41); or alkalinised lidocaine 1% (n = 41). Intracuff pressure was monitored and maintained below 20 cmH 2 O. The mean (SD) increases in systolic blood pressure after tracheal extubation compared with before extubation were 10.9 (10.8) mmHg, 7.3 (17.7) mmHg, 4.1 (10.5) mmHg and 1.9 (9.5) mmHg in the air, saline, 0.5% and 1% alkalinised lidocaine groups, respectively (p = 0.021). The mean (SD) increases in diastolic blood pressure after tracheal extubation compared with before extubation were 3.9 (9.7) mmHg, 7.9 (14.6) mmHg, 0.7 (10.4) mmHg and 3.6 (6.9) mmHg in the air, saline, 0.5% and 1% alkalinised lidocaine groups, respectively (p = 0.019). The mean (SD) increases in heart rate after tracheal extubation compared with before extubation were 14.2 (7.6) beats.min À1 , 15.5 (13.1) beats.min À1 , 5.2 (9.6) beats.min À1 and 4.1 (6.6) beats.min À1 in the air, saline, 0.5% and 1% alkalinised lidocaine groups, respectively (p < 0.001). The incidence of sore throat 8 h after tracheal extubation was 22.0% in the air-filled group, 9.8% in the saline group, 4.9% in the 0.5% alkalinised lidocaine group and 2.4% in the 1% alkalinised lidocaine group, p = 0.015. We conclude that filling the tracheal tube cuff with alkalinised lidocaine-filled reduces the haemodynamic response to tracheal extubation and postoperative laryngotracheal morbidity in children.
Introduction
Tracheal intubation in children is usually with uncuffed tracheal tubes due to the risk of cuffinduced injury to the tracheal mucosa [1] . However, some studies in children have shown that tracheal tubes with high-compliance and low-pressure cuffs were not associated with an increased risk of airway injury [2, 3] . There is growing interest in the use of cuffed tracheal tubes in children [4] due to a reduced risk of aspiration [5] and, possibly, a lower risk of accidental tracheal extubation [6] . The prevention of air leak around the tracheal tube by the inflated cuff also allows the provision of more reliable pulmonary function parameters such as tidal volume and the analysis of lung compliance, as well as accurate measurement of end-tidal carbon dioxide and inhalational anaesthetic agents [7] . Cuffed tubes also allow the application of positive end-expiratory pressure and a lower fresh gas flow rate during anaesthesia [7] which has resulted in a significant reduction in the consumption of inhalational anaesthetic agents and medical gases [8] and reduced air contamination within the operating room [9] . Postoperative sore throat occurs more commonly after tracheal intubation compared with laryngeal masks or facemask ventilation [10] . Alkalinised lidocaine-filled tube cuffs reduce the incidence of postoperative laryngotracheal morbidity in adults [11] but no studies have compared the use and benefits of tracheal tubes with alkalinised lidocaine-filled cuffs in children. We therefore decided to investigate whether tracheal tube cuffs filled with saline or alkalinised lidocaine reduce the haemodynamic changes following tracheal extubation, as well as laryngotracheal morbidity.
Methods
Following approval by the local research ethics committee and written informed consent from the child's parent or legal guardian, this prospective, randomised, controlled trial was conducted at the Teaching Hospital of Botucatu School of Medicine, São Paulo, Brazil, from February 2012 to July 2013. Children aged 3-13 years, of ASA physical status 1 or 2 undergoing elective surgery under general anaesthesia requiring oral tracheal intubation were considered eligible for inclusion in the study. Exclusion criteria were: children younger than 3 years old; those with oropharyngeal or neck malformations; patients who had previously required tracheal intubation or a tracheostomy; the presence of stridor or dysphonia; those requiring surgery to the neck, larynx or oropharynx; those requiring a nasogastric or orogastric tube; operations predicted to last less than 60 min; and patients currently taking steroid medication or local anaesthetic agents administered via a route other than that used to fill the tracheal tube cuffs.
Patients were randomly allocated to one of four groups determined by the opening of a sealed opaque envelope: cuffs filled with air, saline, alkalinised lidocaine 0.5% or alkalinised lidocaine 1%. The 0.5% alkalinised lidocaine solution was prepared by mixing 9.5 ml lidocaine 1% with 9.5 ml distilled water and 1 ml sodium bicarbonateof 8.4% solution. The 1% alkalinised lidocaine solution was prepared by mixing 19 ml lidocaine 1% with 1 ml sodium bicarbonate 8.4% solution. Polyvinyl chloride tracheal tubes with high-volume low-pressure cuffs (Well Lead Medical Instruments Co Ltd, Guangzhou, China) were used in all patients. The size of the tracheal tube was chosen according to Motoyama's table [1] , and larger and smaller calibre tubes were available if necessary.
On arrival in the operating suite, patients were attached to ECG, pulse oximetry and non-invasive blood pressure monitoring. Anaesthetic induction was performed with 4-5% sevoflurane in 100% oxygen via a facemask and an intravenous cannula was inserted once consciousness was lost. Alfentanil 30 lg.kg À1 or fentanyl 3 lg.kg
À1
, were administered according to the choice of the anaesthetist and propofol 2-3 mg.kg À1 was given. An appropriately-sized oropharyngeal airway was inserted and ventilation of the patients' lungs was performed manually with positive pressure via a facemask. Rocuronium 0.6 mg.kg À1 was given and, once a train-of-four stimulation of the thumb adductor indicated full muscle relaxation, the oropharyngeal airway was removed and direct laryngoscopy was performed using a laryngoscope with a curved blade. An appropriately-sized cuffed tracheal tube with the cuff fully deflated and lubricated with a water-soluble gel (Johnson & Johnson, New Brunswick, NJ, USA) was orally inserted into the trachea. Immediately after tracheal intubation, the cuff was slowly filled with the randomly allocated substance until a seal occurred during manual ventilation with positive pressure. Mechanical ventilation of the lungs was commenced with a ventilator set to deliver a tidal volume of 8 ml.kg À1 , and the first cuff pressure mea- Anaesthetic maintenance was with 2% sevoflurane in 50% oxygen and air or nitrous oxide, according to the anaesthetist preference, with a fresh gas flow rate set at 2 l.min
. Respiratory rate was controlled to maintain end-tidal carbon dioxide values between 3.9 kPa and 4.6 kPa. Inhaled and exhaled gases were monitored by the anaesthesia workstation (Primusâ; Dr€ ager, L€ ubeck, Germany). Additional doses of alfentanil or fentanyl were given depending as indicated. Thirty minutes after tracheal intubation, samples of peripheral venous blood were collected from the patients with lidocaine-filled cuffs and were immediately transferred to the laboratory for centrifugation and storage at À80°C for the subsequent measurement of plasma lidocaine concentrations. These were measured by a blinded technician using Waters Allianceâ high-performance liquid chromatography system (Milford, MA, USA) with a Waters Micromassâ mass detector, a 3.5 lm, 4.6 mm 9 75 mm Symmetryâ C18 column, and an automatic injector. Mass spectrometry detection was performed on a triple quadrupole device with multiple reaction monitoring.
Before the end of the surgical procedure, all patients received ondansetron 0.15 mg.kg À1 (up to a maximum of 4 mg) and postoperative analgesia was provided with metamizole 25 mg.kg À1 (up to a maximum of 1 g) and tramadol hydrochloride 1 mg.kg , followed by careful oropharyngeal suction. Assisted ventilation was performed until the re-appearance of signs of deglutition and the onset of spontaneous ventilation. Tracheal tubes were removed in the operating room after the following signs were observed: spontaneous ventilation with an appropriate respiratory pattern and response to verbal commands (eye opening and movement of the limbs). After tracheal extubation and when calm and stable, patients were transferred to the recovery area.
Haemodynamic changes measured were the differences between the highest systolic and diastolic blood pressures and heart rate measured in the 5 min before, and 5 min following, tracheal extubation. Laryngotracheal morbidities were cough, dysphonia (identified as a hoarse voice) and sore throat, evaluated as dichotomous variables (yes or no) by blinded observers recorded in the recovery room and 8 h following tracheal extubation. In the recovery area, the parent or legal guardian was encouraged to join the patient and help the observers to identify signs of laryngotracheal morbidity, especially in younger patients. If required, sore throat was identified according to the faces pain scale [12] . Patients remained in the recovery area for at least 30 min and were then transferred to the ward when a score of 9 or 10 was attained on the modified Aldrete-Kroulik scale. Any adverse event related to the tracheal tube (cuff rupture, air leak, misplacement, accidental extubation, etc.) was noted.
Our primary outcomes were haemodynamic changes due to orotracheal tube removal and laryngotracheal morbidity. The sample size was calculated on the basis of a minimum difference of 12% in the frequency of postoperative sore throat among the groups with tracheal tube cuffs filled with saline or lidocaine in adults [11] . With a significance level set at 0.05 and a power of 80%, the sample size required was 41 patients per group. For quantitative variables that were compared between the groups, ANOVA was performed, followed by a Tukey's test when significance was detected. The chi-square test was used for the analysis of qualitative variables, followed by a post-hoc pair-wise comparison when significance was detected. Statistical analysis was performed using computer software (InStat 3.0; GraphPad, San Diego, CA, USA) and a p value of < 0.05 was considered statistically significant. Figure 1 shows the flow chart of children participating in the study. Baseline patient characteristics, nature of surgery, anaesthesia time, number of intubation attempts and information on the use of nitrous oxide and intra-operative opioids are shown in Table 1 .
Results
The highest haemodynamic values observed 5 min before and 5 min after tracheal extubation, and their differences, are shown in Table 2 . The 1% alkalinised lidocaine group had significantly less increase in systolic blood pressure compared with the air group. The 0.5% alkalinised lidocaine group had significantly less increase in diastolic blood pressure compared with the saline group. Both alkalinised lidocaine groups had a significantly less mean increase in heart rates compared with the air and saline groups. Laryngotracheal morbidity evaluated in the recovery area and 8 h following tracheal extubation is shown in Table 3 . There were no differences between the groups in the incidence of cough or dysphonia. The incidence of sore throat 8 h after tracheal extubation was significantly less in both alkalinised lidocainefilled cuff groups compared with the air-filled cuff group. Mean (SD) serum lidocaine concentrations 30 min after tracheal intubation in the 0.5% and the 1% alkalinised lidocaine groups were 48.4 (53.7) ng.dl À1 and 77.4 (217.7) ng.dl
À1
, respectively, p = 0.561. Mean tracheal tube cuff pressures were kept equal to, or less than, 20 cmH 2 O in all groups at all times and there were no adverse events related to the tracheal tubes.
Discussion
We have shown a reduction in the haemodynamic response following tracheal extubation and a decreased incidence of laryngotracheal morbidity when tracheal tube cuffs were filled with alkalinised lidocaine, especially when compared with those filled with air. The capillary pressure of tracheal mucosa has been shown to vary between 25 mmHg and 30 mmHg in adults [13, 14] . In children, these values are probably lower because systemic pressures tend to increase with age [15] . In our study, the average tracheal tube cuff pressure was maintained below 20 cmH 2 O, which is considered safe relative to the risk of airway damage in children [16] . As well as cuff hyperinflation, several other risk factors for laryngotracheal injury have been identified, including traumatic or long-term tracheal intubation and severe arterial hypotension during tracheal intubation [2, 17, 18] . Lidocaine within tracheal tube cuffs seems to exert a localised effect on the trachea after diffusing through the cuff, resulting in improved tolerance to tracheal [11] and tracheostomy [19] tubes. A recent systematic review and meta-analysis showed that both alkalinised and non-alkalinised lidocaine used to fill tracheal tube cuffs reduce the incidence of postoperative sore throat [20] . In addition, it has been shown that lidocaine minimises haemodynamic changes during tracheal extubation in adults [21] . The plasma lidocaine concentrations measured 30 min after tracheal intubation indicates that there is diffusion of lidocaine from the tube cuff to the tracheal mucosa but values were well below the toxic plasma threshold of 5 lg.ml À1 [22] .
Improved haemodynamic stability during extubation, observed in both alkalinised lidocaine-filled cuff groups when compared with cuffs filled with air or saline, can be explained as a greater tolerance to the tracheal tube afforded by the topical anaesthetic action of lidocaine on the laryngotracheal mucosa. In children undergoing adenotonsillectomy, the use of non-alkalinised lidocaine 2% in tracheal tube cuffs was compared with intravenous administration of lidocaine 1.5 mg.kg
À1
. The incidence of coughing was higher in the group with lidocaine-filled cuffs, but no significant differences in haemodynamic changes or the incidence of laryngospasm were observed between the groups [23] . In that study, the lack of benefit from the lidocaine-filled cuffs, could be due to the duration of surgery, which was relatively short and probably did not allow enough time for diffusion of lidocaine through the cuff membrane. Additionally, the authors did not measure serum lidocaine concentrations in order to demonstrate possible drug diffusion to the tracheal mucosa.
We found no significant differences between the groups in terms of cough, and this may be explained by the requirement for serum lidocaine concentrations to exceed 3 lg.ml À1 in order to suppress coughing in adults [24] . In our study, the serum lidocaine concentrations were well below this value. In addition, studies conducted in adults showed that the occurrence of cough following extubation did not decrease when lidocaine was used to fill tracheal tube cuffs [25] . Postoperative sore throat could be the result of activation of tracheal nociceptors. Thus, the continuous application of local anaesthetic to the tracheal mucosa may reduce its occurrence. An in vitro study showed that measurable amounts of local anaesthetic used to fill tracheal tube cuffs diffused through the cuff membranes in a dose-and time-dependent fashion [26] . Relatively low lidocaine concentrations are able to block different sensory tracheal receptors and suppress their action potentials [27] . The reduction in the incidence of sore throat 8 h after the administration of lidocaine might be related to its antiinflammatory action [26, 28] . The topical anaesthetic effect lasts < 8 h because the half-life of topical lidocaine in children aged 3 months to 9.5 years is 109 min [29] . Lidocaine also exerts analgesic and anti-inflammatory effects through its actions on potassium and calcium channels and on G proteincoupled receptors [30] , effects that can persist even after a decrease in its plasma level [31] . This action can last for days to weeks [32] , thus indicating action on targets other than voltage-gated sodium channels, as well as prevention of hypersensitivity in the central and/or peripheral nervous system [33] . Lidocaine exerts some action on inflammatory reactions through G protein-coupled receptors such as lysosomal sensitisation and degranulation by neutrophils, oxygen-free radical production and cytokine secretion by macrophages and glial cells [34] [35] [36] . The inhibition of calcium channels at pre-synaptic nerve terminals plays a significant role in neurotransmitter release, with consequent interference in pain impulse propagation [37] .
In our study, the relatively low occurrence of sore throat in the recovery area may be explained by the residual effect of the anaesthetic agents and opioids that were administered during surgery.
In one study in adults where tracheal tube cuffs were filled with air, and when cuff pressures were relatively high due to the use of nitrous oxide, the incidence of dysphonia was the same as tracheal tube cuffs filled with saline when cuff pressures were kept between 20 cmH 2 O and 30 cmH 2 O [38] . Dysphonia might not be associated with the use of cuffed tracheal tubes at all but simply due to the presence of the tracheal tube between the vocal cords or related to trauma during tracheal intubation and/or extubation.
Our study has some limitations. Firstly, we did not exclude the use of nitrous oxide and allowed the anaesthetist to choose whether or not to use it. Nitrous oxide diffuses into the tracheal tube cuff and may increase cuff pressure, an important risk factor for laryngotracheal morbidity. Despite this, the number of patients who received nitrous oxide was similar in all four groups and we continuously measured tracheal tube cuff pressures in order to maintain a value below 20 cmH 2 O. Secondly, the study was not blinded with regard to the anaesthetist who was aware of the cuff contents. However, the observers who evaluated laryngotracheal morbidity were blinded as to which group the patient had been allocated.
In conclusion, alkalinised lidocaine solutions used to fill tracheal tube cuffs reduced the haemodynamic response to tracheal extubation in children. They also reduced the incidence of postoperative sore throat. We believe that alkalinised lidocaine, in a 1% formulation, should be considered the substance of choice to fill tracheal tube cuffs in paediatric surgical patients, rather than air or saline.
